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Description 

SYSTEM AND METHOD FOR CHARGING 
A BATTERY IN A RECREATIONAL 
PRODUCT FROM AN ENGINE DRIVEN 
HIGH VOLTAGE CHARGING SYSTEM 

Background of Invention 

[0001] The present invention relates generally to combustion en- 
gines used in recreational products, such as outboard 
motors, and more particularly, to a system and method of 
charging an energy storage device, typically a battery, 
from an internal rail voltage that is greater than an ac- 
ceptable input voltage for charging the battery. A con- 
verter is employed to condition direct current (DC) power 
so that the battery may be charged from the power gener- 
ated by the combustion engine. 

[0002] Modern watercrafts often include electric starting systems. 
Specifically, an outboard engine may include an internal 
battery to provide power to an electric starting system. 



During startup, power is drained from tlie battery. Once 
the combustion cycle has begun and the engine is in op- 
eration, power is delivered to the battery from the engine 
to recharge the battery. Specifically, engine operation de- 
livers power to an internal rail of the engine, from which 
power is directed to charge the battery. By way of the in- 
ternal rail, the engine also delivers the power necessary 
for the engine to perform. That is, the internal rail pro- 
vides power to operate fuel injectors, fuel pumps, and the 
like, as well as the power to recharge the internal battery. 

[0003] Additionally, modern watercrafts often include auxiliary 
systems and components that require power. During op- 
eration, the engine provides power to a wide variety of 
auxiliary components of the engine and the recreational 
product, such as lights, radios, CD and DVD players, tele- 
visions and the like. However, when the engine is not in 
operation, power may be directed to these auxiliary com- 
ponents via the internal battery of the recreational prod- 
uct. Therefore, in the case of an electric-start engine, the 
battery provides the power necessary to start the engine 
combustion and may also provide auxiliary systems with 
operational power when the engine is not in operation. 

[0004] Further, modern engines and the equipment they are 



mounted in have a variety of needs tliat require more 
power. It is possible to provide the higher levels of power 
with larger alternators that are capable of producing more 
current at a standard voltage level; however, such alterna- 
tors are large, heavy, and relatively expensive. It is far 
more economical and robust to provide a higher voltage 
power source and design a particular system component 
to operate that voltage, where practical. However, it is not 
practical, or economical, to provide every electrical com- 
ponent at that higher voltage. Further, some recreational 
products must interface with other products. For example, 
an outboard, sold by one manufacturer, must interface 
with a boat sold by another manufacturer. Accordingly, 
these products must have mating electrical systems, and 
while it may be advantageous for the outboard to run on a 
high voltage charging system, it would not be practical to 
require all boat manufacturers to convert boat electrical 
systems to that same higher voltage. Similarly, since 12 
volt batteries have been widely accepted in the market- 
place, it would be difficult to require a conversion to a 
higher voltage battery. 
[0005] It would therefore be desirable to have a system and 

method to recharge a battery of a engine from an internal 



rail voltage that is higher than the voltage acceptable to 

charge the battery. 
Brief Description of Invention 

[0006] The present invention provides a system and method of 
charging an internal battery that overcomes the afore- 
mentioned drawbacks. Specifically, a power conditioner is 
employed to convert a rail voltage of an engine that is 
above an acceptable voltage necessary to charge the bat- 
tery. 

[0007] In accordance with one aspect of the current invention, a 
system for charging a battery from an engine is disclosed 
including at least one battery disposed within a recre- 
ational product and configured to be charged by a charg- 
ing voltage within a charging voltage range. The system 
includes an engine in operable association with the recre- 
ational product and configured to supply an internal rail 
voltage substantially greater than the charging voltage 
range and a converter system configured to convert the 
internal rail voltage to supply the at least one battery with 
the charging voltage. 

[0008] In accordance with another aspect of the current inven- 
tion, a method of charging an engine battery is disclosed 
that includes generating an AC power with an engine of a 



recreational product and converting tlie AC power to a DC 
power tliat includes a substantially greater voltage than a 
charging voltage range of the engine battery. The method 
also includes supplying the DC power to an internal rail of 
the engine, receiving the DC power from the internal rail 
and regulating the DC power received from the internal 
rail to deliver a charging voltage within the charging volt- 
age range. 

[0009] In accordance with another aspect of the current inven- 
tion, an outboard motor is disclosed that includes a pow- 
erhead having a combustion engine, a midsection config- 
ured for mounting the outboard motor to a watercraft, 
and a lower unit powered by the combustion engine to 
propel a watercraft. The outboard motor includes at least 
one battery only operable within a battery charging range 
and connected to provide starting power to the combus- 
tion engine. A converter is connected to the combustion 
engine and is configured to convert AC power supplied by 
the combustion engine to a DC power that includes a volt- 
age that is above the battery charging range. A regulator 
is connected to the converter and configured to adjust the 
DC power to supply voltage within the battery charging 
range to the at least one battery. 



[0010] Various other features, objects and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0011] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0012] In the drawings: 

[0013] Fig. 1 is a perspective view of an exemplary outboard mo- 
tor incorporating the present invention. 

[0014] Fig. 2 is a block diagram of various subsystems of the 
outboard marine engine of Fig. 1. 

[0015] Fig. 3 is a more detailed block diagram of a portion of 

that shown in Fig. 2. 
Detailed Description 

[0016] The present invention relates to internal combustion en- 
gines used in recreational products, and preferably, those 
incorporating fuel injection in a spark-ignited gasoline- 
type engine. Fig. 1 shows an outboard motor 10 having an 
engine 12 controlled by an ECU module 14 under engine 
cover 16. Engine 12 is housed generally in a powerhead 
18 and is supported on a mid-section 20 configured for 
mounting on a transom 22 of a boat 24 in a known con- 



ventional manner. Engine 12 is coupled to transmit power 
to a propeller 26 to develop thrust and propel boat 24 in a 
desired direction. A lower unit 30 includes a gear case 32 
having a bullet or torpedo section 34 formed therein and 
housing a propeller shaft 36 that extends rearwardly 
therefrom. Propeller 26 is driven by propeller shaft 36 and 
includes a number of fins 38 extending outwardly from a 
central hub 40 through which exhaust gas from engine 12 
is discharged via mid-section 20. A skeg 42 depends ver- 
tically downwardly from torpedo section 34 to protect 
propeller fins 38 and encourage the efficient flow of out- 
board motor 10 through water. For purposes of this in- 
vention, engine 12 may be either a two-cycle or a four- 
cycle engine. 

[0017] Some modern engines, such as the Evinrude®outboard 

motor, have fuel injectors that are extremely fast and re- 
sponsive. Evinrude®is a registered trademark of the 
present assignee. These injectors are not only state- 
of-the-art in terms of performance, they are so highly 
tuned that engines so equipped greatly exceed environ- 
mental emissions standards for years to come. However, 
to obtain such exacting performance, the injectors oper- 
ate at a rather high voltage, preferably 55 volts. 



[0018] While the present invention is shown as being incorpo- 
rated into an outboard motor, the present invention is 
equally applicable with other recreational products, some 
of which include inboard motors, snowmobiles, personal 
watercrafts, all-terrain vehicles (ATVs), motorcycles, 
mopeds, power scooters, and the like. 

[0019] Therefore, it is understood that within the context of this 
application, the term "recreational product" is intended to 
define products incorporating an internal combustion en- 
gine that are not considered a part of the automotive in- 
dustry. Within the context of this invention, the automo- 
tive industry is not believed to be particularly relevant in 
that the needs and wants of the consumer are radically 
different between the recreational products industry and 
the automotive industry. As is readily apparent, the recre- 
ational products industry is one in which size, packaging, 
and weight are all at the forefront of the design process, 
and while these factors may be somewhat important in the 
automotive industry, it is quite clear that these criteria 
take a back seat to many other factors, as evidenced by 
the proliferation of larger vehicles such as sports utility 
vehicles (SUV). 

[0020] Referring to Fig. 2, some of the subsystems of outboard 



motor 10 of Fig. 1 are shown. Such non-automotive appa- 
ratuses include an AC power source and regulator 50, 
such as an alternator 52 and a high voltage output 
switching regulator 54, such as that described in com- 
monly owned USP 6,066,941. Specifically, it is contem- 
plated that the AC power source may be a multi-coil per- 
manent magnet alternator 52 configured to deliver a vari- 
able output. That is, the multi-coil permanent magnet al- 
ternator 52 is configured with the switching regulator 54 
to switch between electrical configurations of the coils of 
the multi-coil permanent magnet alternator 52. Therefore, 
as described in USP 6,066,941, it is possible to provide a 
variable output from the alternator 52 and control switch- 
ing between various electrical configurations of the multi- 
ple coils of the multi-coil permanent magnet alternator 52 
to optimize system operation. 
[0021] The multi-coil permanent magnet alternator 52 is the pri- 
mary electrical power output of the engine 12, which sup- 
plies raw AC power 56 to the switching regulator 54 
which, in turn, delivers operational power to the systems 
and subsystems of the outboard motor 10. That is, when 
the outboard motor is operating, the stator of the multi- 
coil permanent magnet alternator 52 supplies AC power 



56, which, as will be described, is converted to DC power, 
conditioned, and supplied as a first rail voltage 58 to a 
DC/DC converter 60 and other additional systems and 
auxiliary components 64. As will be described, the DC/DC 
converter 60 serves as a battery charging system to de- 
liver a charging voltage within a charging range to a bat- 
tery configuration 66. 
[0022] Preferably, the first rail 58 delivers a "substantially 

greater'Voltage than a second rail 62. That is, the power 
delivered by the first rail 58 includes a voltage level that is 
greater than the voltage delivered by the second rail 62. 
As such, if the battery configuration 66 was supplied with 
power directly from the first rail 58, the battery configura- 
tion 66 would be significantly damaged by the high volt- 
age associated therewith. In accordance with a preferred 
embodiment, the first rail 58 carries a voltage of approxi- 
mately fifty-five volts DC and the second rail 62 carries 
approximately twelve volts DC. In this case, the potential 
damaged caused by supplying the battery configuration 
with power directly from the first rail 58 would possibly 
render the battery configuration 66 permanently inopera- 
ble. Therefore, it should be understood that a voltage that 
is "substantially greater"than a battery charging voltage is 



a voltage that is potentially damaging to the battery oper- 
able at the battery charging voltage. 

[0023] It is contemplated that the battery configuration 66 may 
be a single battery that is dedicated to the motor 10. 
However, it is also contemplated that the battery configu- 
ration 66 may include multiple batteries each of which can 
be charged with an appropriate charging voltage delivered 
by the DC/DC converter 60 simultaneously. Specifically, it 
is contemplated that a wide variety of batteries and bat- 
tery configurations may be charged by the DC/DC con- 
verter 60. For example, the battery configuration 66 may 
include an internal battery for an electric-start system and 
additional batteries dedicated to auxiliary systems such as 
for back-up power, trolling motors, refrigerators, electric 
winches, and the like. As will be described, DC/DC con- 
verter 60 is capable of delivering the requisite charging 
voltage to numerous battery configurations. 

[0024] Additionally, it is contemplated that the second rail 62, 

while configured to be utilized to deliver a charging power 
to the battery configuration 66, may also be utilized to 
deliver operational power to a wide variety of accessories 
of the recreational product which the engine is driving. In 
particular, it is contemplated that recreational product ac- 



cessories such as lights, radios, CD and DVD players, tele- 
visions and the like may be supplied with operational 
power from the second rail 62. In this case, the power re- 
ceived from the first rail 58 includes a voltage that is sub- 
stantially greater than an operational power range of the 
accessory and, as will be described, the DC/DC converter 
60 operates to deliver the operational power within the 
operational power range to the accessory via the second 
rail 62. 

[0025] When the engine is in operation, the ECU 22 controls the 
operation of all systems and auxiliary systems 60, 62 of 
the outboard motor 10. The ECU 22 controls the computer 
controlled switching regulator 54 to convert the AC power 
delivered by the permanent magnet alternator 52 to DC 
power. The switching regulator 54 is connected to the 
windings of the permanent magnet alternator 52 and con- 
sists of a plurality of rectifiers and computer controlled 
switches. To condition the AC power 56 supplied by the 
permanent magnet alternator 52, the ECU monitors the 
input power and controls the operation of a computer 
controlled switching regulator 54 according to at least one 
of a phase and a voltage level of the AC power 56. Specifi- 
cally, the switching regulator 54 receives the AC power 



from the windings of the permanent magnet alternator 
and rectifies the AC power to supply DC power. The ECU 
monitors this process and upon receiving feedback in- 
dicative of a change in engine operating conditions, the 
ECU controls the computer controlled switching regulator 
54 to dynamic adjustment an electrical configuration of 
the windings. That is, the switching regulator 54 is con- 
trolled to selectively open and close a plurality of switches 
which change an electrical configuration of the alternator 
windings to and from one of a series configuration, a par- 
allel configuration, and a combination series and parallel 
configuration. 

[0026] The DC/DC converter 60 reduces the voltage of the DC 

power supplied via the first rail 58 to a lower voltage that 
is supplied to the battery configuration 66, which is within 
a particular charging power range of the battery configu- 
ration. The DC/DC converter 60 is preferably a buck con- 
verter that conditions the power delivered from the inter- 
nal rail 58 and delivers a suitable charging power to the 
battery configuration 66. As will be described, the buck 
converter uses a switch to regulate the voltage delivered 
to the battery configuration 66. 

[0027] Referring to Fig. 3, a detailed block schematic of the DC/ 



DC converter 60 of Fig. 2 is shown. In accordance with a 
preferred embodiment of the invention, the DC/DC con- 
verter 60 has a buck topology and functions as a buck 
converter 60. The buck converter 60 includes of a first 
voltage potential storage device 68, a switching transistor 
70, a biasing diode 72, an inductive component 74, and a 
second voltage potential storage device 76. 
[0028] The buck converter 60 receives DC power from the inter- 
nal rail 58 as described with respect to Fig. 2. The first 
voltage potential storage device 68 serves to remove any 
residual fluctuations in the DC power received from the 
rail 58. When the transistor switch 70 is closed, allowing 
current flow through the inductive component 74 to the 
battery configuration 66, the magnitude of the current in- 
creases based on a time constant of the inductive compo- 
nent 50 and a resistance of the battery configuration 66. 
An analog pulse width modulation (PWM) component 78 is 
arranged to operate based on an output voltage supplied 
to the battery configuration 66. That is, when the voltage 
supplied to the battery configuration 66 begins to rise 
outside a charging power range, the analog PWM compo- 
nent causes the switch 70 to open and stop current flow 
from the internal rail input 58 through the inductive com- 



ponent 74. 

[0029] However, though the transistor 70 stops the current flow 
through the inductive component 74, the inductive com- 
ponent 74 attempts to maintain the current flow by using 
the biasing diode 72 to direct the current out of the in- 
ductor to the battery configuration 66. As the current be- 
gins to decrease, the voltage provided to the battery con- 
figuration 66 begins to drop. Therefore, the power deliv- 
ered to the battery configuration 66 begins to drop below 
the charging power range and the analog PWM component 
78 causes the switch 70 to close. 

[0030] The second voltage potential storage device 76 is placed 
in parallel with the battery configuration 66 to minimize 
any ripple resulting from the opening and closing of the 
transistor switch 70.fig6 As such, the battery configura- 
tion 66 is supplied with a relatively constant DC voltage 
that is significantly lower than the DC input voltage from 
the internal rail 58 but that remains within the charging 
power range. 

[0031] It is contemplated that the buck converter may be con- 
trolled to supply adequate charging power to multiple 
batteries simultaneously. Specifically, if the battery con- 
figuration 66 is a single battery, the charging power range 



includes a voltage between 13.5 volts and 15 volts along 
with approximately 25 amps. In a preferred embodiment, 
if the battery configuration 66 is a single battery, the ideal 
charging power to charge the battery 64 includes 14 volts 
at 25 amps. Therefore, if the battery configuration 66 is a 
single battery, it is possible to supply the battery with the 
approximate 12 volts DC necessary to effectuate charging 
from an internal rail voltage 58 of approximately 55 volts 
DC. 

[0032] However, the system has the capacity to charge multiple 
isolated batteries. For example, in the case of two isolated 
batteries, the buck converter 60 is controlled such that 60 
amps can be delivered to the battery configuration 66. 
Specifically, the analog PWM component 78 may be con- 
figured to control the transistor switch 70 to remain 
closed for a longer duration, thus, allowing the current to 
rise to the desired 60 amps. Therefore, it is contemplated 
that the above-described system may be configured to 
accommodate a plurality of batteries and battery configu- 
rations. 

[0033] It is contemplated that the above-described technique 

may be embodied as a system for charging a battery from 
an engine including at least one battery disposed within a 



recreational product and configured to be charged by a 
charging voltage within a charging voltage range. The 
system includes an engine in operable association with 
the recreational product and configured to supply an in- 
ternal rail voltage substantially greater than the charging 
voltage range and a converter system configured to con- 
vert the internal rail voltage to supply the at least one 
battery with the charging voltage. 

[0034] It is further contemplated that the above-described tech- 
nique may be embodied as a method of charging an en- 
gine battery including generating an AC power with an 
engine of a recreational product and converting the AC 
power to a DC power that includes a substantially greater 
voltage than a charging voltage range of the engine bat- 
tery. The method also includes supplying the DC power to 
an internal rail of the engine, receiving the DC power from 
the internal rail and regulating the DC power received 
from the internal rail to deliver a charging voltage within 
the charging voltage range. 

[0035] It is also contemplated that the above-described tech- 
nique may be embodied as an outboard motor that in- 
cludes a powerhead having a combustion engine, a mid- 
section configured for mounting the outboard motor to a 



watercraft, and a lower unit powered by the combustion 
engine to propel a watercraft. The outboard motor in- 
cludes at least one battery only operable within a battery 
charging range and connected to provide starting power 
to the combustion engine. A converter is connected to the 
combustion engine and configured to convert AC power 
supplied by the combustion engine to a DC power that in- 
cludes a voltage that is above the battery charging range. 
A regulator is connected to the converter and configured 
to adjust the DC power to supply voltage within the bat- 
tery charging range to the at least one battery. 
[0036] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



